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TITLE 

An clcctrochemically reacting composition and a process for the preparation 
thereof. 

FIELD OF INVENTION 

This invention relates to an electro chemically reacting composition and a 
process for preparation thereof. 

PRIOR ART 

Electro chemically reacting compositions are used as source for rapid 
generation of heat and hydrogen, which comes out during the 
electrochemical reaction when an electrolyte solution of salt and water is 
added to these heat-producing compositions. As such, these compositions 
are used as portable flame-less heaters for heating food packets, human 
bodies, instruments etc. These heat-producing compositions can also be 
conveniently packed into suitable small size pouches for carrying purposes 
and stored over along period of time. These compositions are also employed 
in variety of applications, which need heat source. For example, the 
composition pellet can be used as a 'test heat source 3 for testing of heat 
sensors. As, during the above electrochemical reaction, hydrogen also comes 
out as a by-product, these compositions can also be utilized as a source of 
hydrogen. The hydrogen can be utilized for fuel cell applications as well as 
buoyancy applications required for under water operations. However, when 
these electro chemically reacting compositions are used as heat-producing 
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elements, the evolution of hydrogen during the electrochemical reaction is 
not desirable as it may become hazardous if produced in large quantity. 
These electrochemical heat sources essentially comprise magnesium, an 
active metal, and iron, a passive metal. The electrochemical reaction, in the 
presence of salt dissolved in water, occurs at microscopic level between the 
relatively noble metal like iron acting as a cathode and a relatively less noble 
metal like magnesium acting as anode. This reaction takes place in the 
presence of an electrolyte such as sodium chloride dissolved in the water. 
The reaction, taking place at the anode, can be shown as ; 
Mg +2H 2 0 - Mg (OH) 2 + H 2 

This is an exothermic reaction, which releases 14.67 Kilo Joule of heat for 
each gram of magnesium. Additionally, it also releases 0.9 ml of hydrogen 
for each gram of magnesium used. 

The electrochemically reacting compositions, containing Magnesium and 
iron, are well known in the art for producing heat and hydrogen. A variety 
by heat producing devices utilizing these compositions are also well known 
to the art. However, these compositions known to the prior art, suffer from 
the following disadvantages. 

Primary disadvantage of these electrochemically reacting compositions, well 
known in the prior art, is that these compositions mainly utilize magnesium, 
which is very costly. 

Another disadvantage of these electrochemically reacting compositions, well 
known in the prior art, is that these compositions are unable to produce heat 
over a longer period of time. 
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Still another disadvantage of these electrochem ically reacting compositions, 
well known in the prior art, is that these compositions produce lower heat 
output per unit weight of the composition. 

Yet further disadvantage of these electrochem ically reacting compositions, 
well known in the prior art, is that these compositions require more amount 
of water per unit weight of the composition for entire electrochemical 
process. 

Still further disadvantage of these electrochem ically reacting compositions, 
well known in the prior art, is that in this case the reaction rate can not be 
conveniently controlled. 

OBJECTS OF THE INVENTION 

Primary object of the invention is to provide an electrochem ically reacting 
composition and a process for preparation thereof, which can be used as a 
source of heat as well as hydrogen. 

Another object of the invention is to provide an electrochem icalty reacting 
composition and a process for preparation thereof, which utilizes aluminum, 
in addition to magnesium as a constituent, thereby making the composition 
less costlier. 

Yet another object of the invention is to provide an electrochem ically 
reacting composition and a process for preparation thereof, which is capable 
of providing higher energy out put per unit weight of the entire composition. 
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Still another object of the invention is to provide an electrochemicaliy 
reacting composition and a process for preparation thereof, which utilizes 
potassium permaganate (Kmn0 4 ) as scavenger of hydrogen thereby reducing 
any risk involved in the emission of hydrogen during the electrochemical 

reaction. 

Yet further object of the invention is to provide an electrochemicaliy 
reacting composition and a process for preparation thereof, wherein the 
extent of hydrogen emission can be favourably controlled by varying the 
amount of potassium permanganate used in the composition. 

Still further object of the invention is to provide an electrochemicaliy 
reacting composition and a process for preparation thereof, wherein the 
potassium permanganate reacts with the nascent hydrogen to produce more 
heat and thereby sustaining the process of heat generation over a longer 
period of time. 

Yet further object of the invention is to provide an electrochemicaliy 
reacting composition and a process for preparation thereof, which can be 
conveniently given and shape through compacting for utilization as heat 
source for food packets, human bodies, instruments etc. 

Still further object of the invention is to provide an electrochemicaliy 
reacting composition and a process for preparation thereof, wherein the 
reaction rate can be conveniently varied to control the heat output by varying 
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the ratio of magnesium and almunium used as well as by addition of filler 

■ 

materials like silica etc. in the composition. 

■ 

Yet farther object of the invention is to provide an electrochemically 
reacting composition and a process for preparation thereof, which can be 
utilized in any environment including high altitude, extremely low 
temperature and under water environments. 

Still further object of the invention is to provide an electrochemically 
reacting composition and a process for preparation thereof, which is non- 
toxic. 

Yet further object of the invention is to provide an electrochemically 
reacting composition and a process for preparation thereof, Which is safer to 
handle. 

Still further object of the invention is to provide an electrochemically 
reacting composition and a process for preparation thereof, which does not 
produce any toxic substance as a by-product during the electrochemical 
reaction. 

Yet further object of the invention is to provide an electrochemically 
reacting composition and a process for preparation thereof, which uses 
environment friendly silica sand as a filler material. 
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Yet further object of the invention is to provide an electrochemically 
reacting composition and a process for preparation thereof, wherein the 
process for preparation is very simple. 

DESCRIPTION OF THE INVENTION 

According to this invention there is provided an electrochemically reacting 
composition comprising active materials atom mum magnesium and iron, a 
filler material such as silica sand, a hydrogen scavenger such as potassium 
permanganate, additive such as sodium silicate and an electrolyte such as 
sodium chloride; 

wherein said magnesium comprises 10-90% by weight of the said active 
materials; 

wherein said aluminum comprises 10-90% by weight of the said active 
materials; 

wherein said iron comprises 0-15% by weight of the said active materials; 
wherein said filler material silica sand comprises 5-50% by weight of the 

* 

said active materials; 

wherein said hydrogen scavenger potassium permanganate comprises S-30% 
by weight of the said composite materials; 

wherein said additive sodium silicate comprises 0-20% by weight of the said 
active m aterials. 

t 

Further according to this invention there is provided a process for the 
preparation of an electrochemically reacting composition comprising 

« 

following steps: 
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(i) preparing active materials by placing commercially available 10- 
90%, preferably 15-50% magnesium, having particle size varying 
from 1-500 pm, by weight of the entire active materials, 10-90% 
preferably 40-75% almunium, having particle size varying from 2- 
100 jim, by weight of the entire active materials, and 0-15%, 

■ 

preferably 7-12% iron, having particle size varying from 20-200 
weight wise of the entire active materials in the container of a 
convention al b all m ill; 

(ii) adding to the said active materials a filler material such as silica 
sand 5-50% preferably 5-25% weight wise over the weight of the 
said active materials; 

(iii) ball milting the mix of the said active materials and the said filler 
material for about 4-6 hours preferably under the inert atmosphere 
of argon and transferring the entire mix to another container after 
completion of the bail milling operation. 

(iv) adding a hydrogen scavenger such as copper chloride, ferric 
chloride preferably potassium permanganate 5-30% preferably 5- 
20% weight wise over the entire weight of the active materials and 
mixing thoroughly to obtain ahomogenous mix; 

(v) adding additive sodium silicate 2-20% preferably 2-10% weight 
wise over the entire active materials to the homogenous mix 
obtained from step (iv); 

(vi) adding any salt of strong acid and strong/weak base such as 

potassium chloride, ferrous, sulphate preferably sodium chloride 2- 
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10% preferably 5-10% weight wise over the weight of the entire 
active materials to the mix obtained from step (v); 

(vii) compacting of the entire mix obtained from step (v) through a 
conventional pressing machine and giving it a desirable shape such 
as strip or pellet 

(viii) Storing the compacted and cut electrochemical heat source in air 
tight containers such as pouch to avoid ingress of water. 

In accordance with this invention magnesium comprises 15 to 50% by 
weight with a particle size of 1 to 500 urn, aluminum comprises 40-75% 
having particle size varying from 2-100 fun, by weight of the said active 
materials; iron comprises 7-12%, having particle size varying from 20- 
200 pm, by weight of the said active materials, silica sand comprises 5- 
25% by weight of the said active materials; potassium permanganate 
comprises preferably 5-20% by weight of fee said composite materials; 
sodium silicate comprises preferably 0-10% by weight of the said active 
materials. 

The heat producing electrochemically reacting composition of the present 
invention comprises active materials almunhim, magnesium and iron, a 
filler material such as silica sand, additives like sodium silicate, 
potassium permanganate, and a salt such as sodium chloride. A small 
quantity of water is added to this composition, depending upon fee 
quantity of active materials in this composition, whenever poduction of 
heat is required. Alternatively, fee active materials ahnunium, 

magnesium and iron, and filler material silica sand can be compacted and 
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packed separately in a convenient pooch while the electrolyte solution of 
salt and water with additive potassium permanganate and sodium silicate 
can be separately packed in another pouch. These two pouches can be 
carried separately and the contents of these pouches can be mixed 

* 

together when generation of heat is required. 

The electro chemically reacting composition of the present invention 
employs a mix of aluminum and magnesium in addition to magnesium as 
active materials as compared to the prior art wherein only magnesium 
and iron are used as active materials. Although aluminum provides more 
heat per unit of its weight as compared to magnesium, it suffers from the 
disadvantage that its electrochemical reacting rate for producing heat is 
slower at lower temperature. While in case of magnesium, the 
electrochemical reaction rate for producing heat is higher even at lower 
temperatures. In the present case, which utilizes a mix of aluminum and 
magnesium as reactive materials, it is magnesium, which initiates the 
electrochemical reaction. Initially, when the temperature is lower, 
magnesium initiates the electrochemical reaction generating the heat. 
Subsequently, as the temperature rises, aluminum also becomes active 
and starts producing heat by taking part in the electrochemical process. 
The amount of heat, evolved during the electrochemical reaction, 
depends upon the total quantity of aluminum and magnesium employed 
in the composition. The filler material silica sand works as a heat sink 
and helps in making a homogeneous mix of active materials and iron 
during the mixing operation in the ball mill. Potassium permanganate 
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plays an extremely important rote during the electrochemical reaction. At 
one level, it reacts with the nascent hydrogen evolved during the 
electrochemical reaction to produce more hear thus adding to the heat 
generated during the reaction and thereby sustaining the heat generation 
process over a longer duration of time. At another level, it also produces 
water when it reacts with hydrogen thereby reducing the requirement of 
water to start the electrochemical reaction itself. Additionally, it also acts 
as a scavenger of hydrogen as it removes undesirable hydrogen, produced 
during the electrochemical reaction, by reacting with it and producing 
more heat and water. Sodium silicate acts as a gelling agent and when 
used together with potassium permanganate, it helps in sustaining the 
generation of heat over a longer duration. 

The reaction, involved during the above process can be shown in the 
following 

Mg + 2H 2 0 - Mg (OH) 2 + H 2 
2 Al + 6H 2 0 - 2A1 (OH) 3 + 3H 2 
2Kmn0 4 + 3H 2 - K 2 0 + 2 Mn0 2 + m& 

DESCRIPTION OF THE DRAWINGS 

Fig.l shows the temperature-time profile of the electrochemically 
reacting composition of the present invention in the presence of water, 
mixture of sodium silicate and water, and mixture of sodium silicate, 
water and potassium permanganate. 
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Fig.2 shows the hydrogen evolution profile of the electrochemically 
reacting composition of the present invention in the presence of water, 
mixture of sodium silicate and water, and mixture of sodium silicate, 
water and potassium permanganate. 

Referring to Figure 1, it shows the temperature profile of the reaction 
with time indicating the extent of heat evolved during the electrochemical 
reaction in a typical situation. In a situation, when potassium 
permanganate and sodium silicate are not used as additives, the 
temperature of the reaction, increases sharply with time but after some 
time, it starts decreasing with time. It signifies that the generation of heat 
is not a sustained one over the period of time. In case, when only sodium 
silicate is used as an additive in the composition, the temperature of the 

4 

reaction rises less sharply and after reaching at a maximum level, it also 
starts decreasing albeit, less sharply. It signifies that even in this case the 
generation of heat is not a sustained one over the period of time although 
the situation is improved as compared to the first situation. In the ideal 
situation, when sodium silicate as well as potassium permanganate both 
are used as additives, the temperature during the reaction, rises less 
sharply and after reaching to a maximum value, it does not reduce over 
the time. This sustenance of heat generation is due to the reason that 
potassium permanganate reacts with the nascent hydrogen to produce 
heat and water as shown above. This additional heat produced, adds to 
the heat produced during the electrochemical reaction thus heat 
generation is sustained over a longer duration. The amount of active 
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materials and additives used are same as shown in the working example - 
1 shown subsequently in the specification. 

Referring to Fig. 2, it shows the effectiveness of potassium permanganate 
and sodium silicate in scavenging the hydrogen during the 

r 

electrochemical reaction. The figure shows the hydrogen evolution 
profile with respect to the time during electrochemical process of the 
electrochemically reacting composition in a typical situation. In a 
situation, when potassium permanganate and sodium silicate are not used 
as additives, the amount of hydrogen, evolved during the reaction, 
increases with time and after some time it reaches to a plateau position. 
In case when only sodium silicate is used as an additive in the 
composition, the amount of hydrogen, evolved during the reaction, is 
reduced initially. However, after certain period, the amount of hydrogen, 
evolved during the reaction, starts rising again. In the ideal situation, 
when sodium silicate as well as potassium permanganate bom are used as 
additives, the amount of hydrogen, evolved during the reaction, is 
dropped significantly and it does not rise considerably over the period. 
The amount of active materials and additives used are same as shown in 
the working example -1 shown subsequently in the specification. 
Figure -2 clearly establishes the important role of potassium 
permanganate, together with sodium silicate, as an effective scavenger of 
hydrogen. 



WO 03/104529 




PCT/IN03/00148 



According to the present invention, the process for the preparation of 
electro chemically reacting .composition of the present comprises of 
following steps. 

(i) Preparation of active m aterialB 

10-90%, preferably 15-50% by weight of active materials, magnesium 
having particle size varying from 1-500 pm, 10-90%, preferably, AfcT$% 
by weight of active materials, almunium having particle size varying 
from: 2-100 jum and 0-15%, preferably 7-12% by weight of active 
materials, iron particles having particle size varying from 20-200 pm, all 
commercially available, are taken in the container of a conventional ball 
mill. 

(ii) Addition of filter m aterial 

To the above mix, silica sand in quantity 5-50%, preferably 5-25% by 
weight of active materials is added as a filler material. Silica sand acts as 
a heat sink and helps in alloying operation when the active materials are 
mixed in the ball mill. Alternatively organic fillers like poly ethylene or 
poly propylene can also be used as filler materials. 

(iii) Preparation of alloy by ball m illing 

The above mix, prepared in step (ii) is ball milled, preferably under inert 
atmosphere of Argon, for a period of 4-6 hours using a conventional ball 
mill. Once the milling operation is complete, a mix of alloy of reactive 
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materials and filler material is obtained. This mix is transferred in another 
container after the completion of the milling operation. 

(iv) Addition of hydrogen scavenger 

Next, a hydrogen scavenger, 5-30%, preferably 5-20% by weight of 
active materials, commercially available potassium permanganate is 
added to this alloy and mixed thoroughly to obtain a homogeneous mix. 
Alternatively, commercially available copper chloride and ferric chloride 
can also be utilized as hydrogen scavengers. This scavenger can also be 
directly added to the water used for the electrolytic reaction. 




io (v) Mixing of other 

To the homogeneous mix, obtained from step (iv), 0-20% preferably 0- 
10% weight wise over the entire active materials, an additive sodium 
silicate is mixed. Sodium silicate helps in improving the generation of 
heat during electrochemical reaction by gelling operation. It is taken 
is preferably, wt wise 0-10% of me weight of composition. Alternatively 

this can also be directly added to the water used for the eleotrolytio 
reaction. 

(vi) Addition of salt for electrolyte 

To the homogeneous mix prepared in step (v), sodium chloride taken 2- 
20 10%, preferably 5-10% weight wise over the entire active materials is 

added. Alternatively, any salt of strong acid and strong/weak base such as 
potassium chloride, calcium chloride, ferrous sulphate can be added. 



WO 03/104529 





PCT/IN03/00148 



15 



Alternatively this can also be directly added to the water used for the 
electrolytic reaction. 

(vii) Compacting of the horn ogeneous m ix 

The entire homogeneous mix, prepared in step (v), is compacted through 
a pressing machine to give it any convenient Bhape such as strip or 
pellets. 

(viit) Storage of the composition 

Finally, the compacted electrochemical^ reacting composition is stored 
in air tight containers to avoid the ingress of water. 
The invention will now be illustrated with working examples which are 
typical examples to illustrate the working of the invention and are not 
intended to be taken restrictively to imply and limitation on the scope of 
the present invention. 

Example-1 

In the lab, etectrochemically reacting composition was made by mixing 
40 gm of magnesium powder of approximately 20-400 micron size. 60 
gm of aluminum powder of 5-100 micron size, 10 gm of iron powder of 
20-120 micron size and 10 gm of silica sand of 15-100 micron size. This 
mixture was ball milled for five hours in the inert atmosphere of Argon in 
a conventional ball mffl. After me completion of ball milling operation, 
12 gm sodium chloride and 10 gm of potassium permanganate were 
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added to it. The entire composition was reacted with 240 ml of 5% 
solution of sodium silicate in water. 

Exam pie- 2 

In the lab, electro chemically reacting composition was made by mixing 
80 gm of magnesium powder of approximately 20-400 micron size, 20 
gm of almunium powder of 5-100 micron size, 10 gm of iron powder of 
20-120 micron size and 10 gm of silica sand of 15-100 micron size. This 
mixture was ball milled for five hours in the inert atmosphere of Argon in 
a conventional ball mill After the completion of ball milling operation, 
12 gm potassium chloride and 10 gm of potassium permanganate are 
added to it The entire composition was reacted with 240 ml of water for 
producing heat. 

It is to be understood that the process of the present invention is 
susceptible to adaptation, changes and modifications by those skilled in 
the art. Such adaptations changes and modifications are intended to be 
within the scope of the present invention, which is further set forth with 
the following claims. 
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WE CLAIM: 

1. An electrochemically reacting composition comprising active 
materials aluminum magnesium and iron, a filler material such as 
silica sand, a hydrogen scavenger such as potassium permanganate, 
additive such as sodium silicate and an electrolyte such as sodium 
chloride; 

wherein said magnesium comprises 10-90% by weight of the said 
active m aterials, 

* 

wherein said aluminum comprises 10-90% by weight of the said 
active materials, 

wherein said iron comprises 0-15% by weight of the said active 
materials, 

wherein said filler material silica sand comprises 5-50% by weight of 
the said active materials, 

wherein said hydrogen scavenger potassium permanganate comprises 
5-30% by weight of the said composite materials, 
wherein said additive sodium silicate comprises 0-20% by weight of 
the said active materials. 

2. A composition as claimed in claim 1 wherein said magnesium 
comprises 15-50% by weight with a particle size varying from 1-500 
urn. 

3. A composition as claimed in claim 1 wherein said aluminium 
comprises 40-75% by weight with a particle size varying from 2-100 
um. 
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4. A composition as claimed in claim 1 wherein said iron comprises 7- 
12% by weight with a particle size varying from 20-200 urn. 

5. A composition as claimed in claim 1 wherein said silica comprises 5- 
25% by weight of said active m aterials. 

6. A composition as claimed in claim 1 wherein said potassium 
permanganate comprises preferably 5-20% by weight of the said 
composite materials. 

7. A composition as claimed in claim 1 wherein said sodium silicate 
comprises preferably 0-10% by weight of said active materials. 

8. A composition as claimed in claim 1, wherein copper chloride, or 
ferric chloride, or preferably, potassium permanganate can be used as 
said hydrogen scavenger. 

9. A composition as claimed in claim 1, wherein said salt is a salt of 
strong acid and strong/weak base such as potassium chloride, ferrous 
sulphate preferably sodium chloride. 

10. A process for the preparation of an electrochemicaliy reacting 
composition as claimed in claim 1, comprising following steps: 

(i) preparing active materials by placing commercially 
available 10-90%, preferably 15-50% magnesium, having 
particle size varying from 1-500 urn, by weight of the entire 
active materials, 10-90% preferably 40-75% almunium, 
having particle size varying from 2-100 urn, by weight of 
the entire active materials, and 0-15% preferably 7-12% 
iron, having particle size varying from 20-200 weight wise 
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of the entire active materials in the container of a 
conventional ball mill; 

(ii) adding to the said active materials a filler material such as 
silica sand 5-50% preferably 5-25% weight wise over die 
weight of the said active m aterials; 

(iii) ball milling the mix of the said active materials and the said 
filler material for about 4-6 hours preferably under the inert 
atmosphere of argon and transferring the entire mix to 
another container after completion of the ball milling 
operation; 

(iv) adding a hydrogen scavenger such as copper chloride, ferric 
chloride preferably potassium permanganate 5-30% 
preferably 5-20% weight wise over the entire weight of the 
active materials and mixing thoroughly to obtain a 
homogenous mix; 

(v) adding additive sodium silicate 2-20% preferably 2-10% 
weight wise over the entire active materials to the 
homogenous mix obtained from step (iv); 

(vi) adding any salt of strong acid and strongly/weak base such 
as potassium chloride, ferrous, sulphate preferably sodium 
chloride 2-10% preferably 5-10% weight wise over the 
weight of the entire active materials to the mix obtained 
from step (y), 

(vii) compacting of the entire mix obtained from step (v) through 
a conventional pressing machine and giving it a desirable 
shape such as strip or pellet; 
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(viii) storing the compacted and cut electrochemical heat source in 
air tight containers such as pouch to avoid ingress of water. 
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